Singular spectrum analysis (SSA), a variant of principal component analysis, is applied to a time series of the Southern Oscillation index (SOD. The analysis filters out variability unrelated to the Southern Oscillation and separates the high-frequency, 2-to 3-year variability, including the quasi-biennial oscillation, from the lower-frequency 4-to 6-year E1Nifio cycle. The maximum entropy method (MEM) is applied to forecasting the prefiltered SOI. Prediction based on MEM-associated autoregressive models has useful skill for 30-36 months. A 1993-1994 La Nifia event is predicted based on data through February 1992. 1Also at
INTRODUCTION
The atmospheric Southern Oscillation (SO) has been connected with the seasonally recurring, oceanic E1 Nifio (EN) phenomenon [e.g., Schweigger, 1945 The dynamic understanding of the coupled tropical oceanatmosphere system has increased dramatically Philander, 1990 ], leading to increased hopes for its dynamic prediction on interannual time scales [Sarachik, 1990] . Multivariate statistical prediction models of ENSO have been investigated by Graham et al. [1987a, b] and Barnett et al. [1988] . Their statistical models are based on extended empirical orthogonal functions (EEOFs) and canonical correlation analysis and exhibit valuable forecast skill at lead times of up to a year.
The above mentioned models rely on the analysis of sea surface temperature and surface wind stress fields that can serve as multivariate indicators of ENSO variability [e.g., Barnett and Preisendorfer, 1978] . The present study uses a time domain approach based on a univariate indicator of ENSO, rather than a space-time approach. Its goal is not to precisely forecast the spatial distribution of meteorological variables but rather to time the occurrence of EN and La Nifia (LN) events, which are usually associated with recurring spatial patterns.
The use of univariate time series in the diagnosis and prediction of nonlinear dynamical systems with considerable complexity in time and space has a solid foundation in the Whitney [1936] [Grassberger, 1986; Procaccia, 1988; Ruelle, 1990 ]. However, the underlying idea of a time series from a complex system being able to capture the evolution of its collective behavior is heuristically appealing and, when applied with due care, quite promising . In fact, this is precisely why the Southern Oscillation index (SOI) has attracted such attention, since the classical work of Walker and Bliss [1937] and up to the present [Fraedrich, 1988; Dickey et al., 1992] , in describing the complex interannual variability of the coupled atmosphere-tropical ocean system. [Ghil and Mo, 1991a, b] or of model fields [Neelin et al., 1992] with respect to the phases of such a well-chosen time series provides an orderly sequence of snapshots of the system's past evolution. It can be combined at a later stage with suitably tested predictions of the same univariate index into the future, to yield eventually whole-field predictions. Thus univariate prediction is simply a first step in an approach that may inform and complement dynamical and multivariate statistical prediction [Vautard et al., 1992] .
Compositing of observations
Univariate SOIs are generally computed from local time series of sea level pressure (SLP) or temperature data at two distinct locations along the equatorial belt, at which the variables under consideration tend to oscillate with mutually opposite phases [e.g., Walker and Bliss, 1937; Chu and Katz, 1985] . Our study relies on the analysis of such an SOI, but, unlike earlier attempts at univariate ENSO prediction [Chu and Katz, 1985] 
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Maximum Entropy: Spectral Estimation and Linear
Prediction
The main advantage of the maximum entropy method (MEM) [Yule, 1927; Walker, 1931; Burg, 1968 ] is its high spectral resolution, obtained by fitting relatively high-order AR models to the data. Its main drawback is the possible appearance of spurious peaks as the resolution, and hence the order, of the method is increased [Childers, 1978] .
The basic assumption underlying MEM is that the time series can be modeled by an AR process. The optimal order of the AR process for a given time series is usually inferred from Akaike's information criterion (AIC) [Akaike, 1974] . However, the AIC often calls for a very high order if the data have not been prefiltered. SSA can be used to compute a data-adaptive prefilter by retaining only the leading, statistically significant T-PCs of a given time series [Ghil and Vautard, 1991; Vautard et al., 1992] . Removal of the noise by SSA permits the application of a low-order MEM, which achieves the same resolution as a much higher-order one, without the introduction of spurious peaks. This two-step procedure for spectral estimation is discussed in detail and applied to synthetic examples and to time series of atmospheric angular momentum by Penland et al. [1991] . 1941, 1946, 1951, 1953, 1957, 1965, 1969, 1977,  and 1987, and the major ones of 1972, 1982, and 1992 . The open arrows point to the cold events of 1950, 1956, 1971, 1974, 1976, and 1988 [Vautard and Ghil, 1989 ] after SV 8. They correspond to the part of the variance that is unlikely to be explained by a deterministic model (64% of total variance).
PRED1CTABILHY
In this section we discuss how the predictability of the SOl can be improved by fitting an AR predictor to RCs 1-4. The idea is that the narrow harmonic content of these time series makes them more predictable by MEM than the original SOI time series. ENSO forecasts are obtained by summing the forecasts corresponding to the four prefiltered time series. --1 .
--2 . 
